Résumé •<• La cartographie chimique des principaux éléments contenus dans une section biologique est obtenue par traitement numérique de plusieurs images filtrées en énergie, acquises digitalement en STEM.
I -PRINCIPLE OF THE METHOD.
In electron microscopy, elemental distribution mapping, that is a two dimensional image of the composition of a specimen, is achieved in two ways : X ray mapping and Electron Energy Loss (EELS) mapping -see for instance Somlyo et al./1/for a recent review of biological applications -. The second method offers several important advantages: improved spatial resolution down to the probe size in STEM (that is = 2nm), capability of providing chemical maps for low Z elements of great importance in biological sections (nitrogen, oxygen, fluorine, phosphorus...) and higher sensitivity associated to more intense cross sections for the edge of interest and better detection efficiency. In the case of biological sections, this aspect is very important because one has to compare the dose required for obtaining a given signal to noise ratio on the characteristic signal, with the radiation induced damage. EELS mapping using one or several energy filtered images is therefore developing very quickly. High resolution microanalysis of biological specimens by electron spectroscopic imaging has been carried out either with a CTEM equipped with a Castaing Henry filter /2/ or with a STEM fitted with a magnetic spectrometer /3/ and /4/.
The main problem is due to the fact that the characteristic signal is rather small superimposed on a large background -figure 1 ^. Consequently the images have to be processed to ensure the extraction of the true chemical information. 
his f i g u r e also p o i n t s o u t the average s i z e and p o s i t i o n o f t h e three energy windows ( w i t h r e s p e c t i v e l y 11,12 and I3 counts) g e n e r a l l y used f o r t h e e v a l u a t i o n o f S.

I1 -MATERIALS AND METHODS
The VG microscope HB 501 equipped w i t h a Gatan spectrometer /6/7/has been i n t e r f aced w i t h a PDP 11/34 computer. Images a r e recorded s e q u e n t i a l l y f o l l o w i n g a d i g i t a ll y d r i v e n r a s t e r o f 128x128 ( o r 256x256) p i x e l s . The d i f f e r e n t s i n g l e energy l o s s images a r e acquired such as t h e energy loss, determined by t h e s e l e c t i o n s l i t , i s incremented a f t e r each l i n e : one l i n e i s t h e r e f o r e scanned n times successively, n being the number o f recorded energy windows ( a t l e a s t n = 3, b u t n = 4 f o r the micrographs shown i n t h i s paper). The computer records simultaneously t h i s s e t o f energy f i l t e r e d images v i a t h e b r i g h t f i e l d d e t e c t o r located a f t e r the spectrometer, and the dark f i e l d image v i a the annular d e t e c t o r before the spectrometer. A l l data handling processes a r e c a r r i e d on a p o s t e r i o r i .
The specimen i s a biopsy o f human pulmonary t i s s u e c o n t a i n i n g several asbestos and ferruginous bodies. I t i s now w e l l known / 8 / t h a t some o f these s i l i c a t e p a r t i c l e s i n the a l v e o l a r macrophages are covered i n v i v o by a coating o f i r o n hydroxide. The sample has been prepared f o l l o w i n g the standard techniques: f i x a t i o n i n g l u t araldehyde, dehydration i n alcohol, embedding i n Epon and s e c t i o n i n g w i t h an LKB ultramicrototne w t t h o u t s t a i n i n g . The average thickness i s i n the range 50 t o 70 nm.
I 1 1 -RESULTS
The p o s s i b i l i t y o f d i s p l a y i n g c h a r a c t e r i s t i c images o f low Z elements such as carbon
, n i t r o g e n and oxygen has already been i l l u s t r a t e d i n /4/. The present micrographs concern d i f f e r e n t asbestos bodies o f small s i z e (well below one micron). I n the annular dark f i e l d images ( f i g . 2 a and 3a) one c l e a r l y distinguishes denser objects appearing i n white -t h e a x i a l f i b e r s -surrounded by an i r r e g u l a r contour o f granules, the ferruginous sheath -o f weaker contrast. I t corresponds t o t h e processes developed by the organism a f t e r the i n h a l a t i o n o f t h e atmospheric dust. 
The operating c o n d i t i o n s and r e s u l t s o f a c q u i s i t i o n o f t h e energy f i 1 t e r e d images
It i s worthwile t o p o i n t o u t t h a t f o u r energy windows have been used i n each case, three o f them located before the edge. I t improves t h e accuracy o f t h e f i t t i n g procedure between the parental d i s t r i b u t i o n o f experimental p o i n t s and the background model curve. The other o r i g i n a l aspect l i e s i n the f a c t t h a t the energy f i l t e r e d
images on t h e oxygen K edge have been recorded f i r s t , before the background images, so t h a t the eventual mass l o s s o f oxygen i s reduced. I t c o n s t i t u t e s an improvement w i t h respect t o the r e s u l t s displayed i n /4/ i n which case the oxygen processed image had a poorersignal t o noise r a t i o .
I V -DISCUSSION OF THE RESULTS
The f o l l o w i n g general comments o f b i o l o g i c a l i n t e r e s t can be made. The carbon image ( 2 b) underlines the i n o r g a n i c i n c l u s i o n ( t h e black area) and a weaker carbon cont e n t i n the sheath than i n t h e embedding m a t e r i a l . The i r o n image (3 c ) p o i n t s o u t t h a t the i r r e g u l a r c o a t i n g consists mainly o f i r o n , w h i l e the asbestos f i b e r i n the center does n o t contain any i r o n . I n t h e oxygen image (3 d), some a x i a l f i b e r s appear very r i c h , i t implies t h a t they a r e l i k e l y amphiboles; t h e r e i s also a weaker cont r i b u t i o n i n the surrounding ferruginous sheath, b u t the denser i n c l u s i o n a t t h e l ower p a r t o f the micrograph e x h i b i t s a l a c k o f oxygen. I t i s l i k e l y a carbonaceous p a r t i c l e .
About the "R image" ( f i g . 3 b)
This p i c t u r e displays f o r each p i x e l the value o f the R parameter between 2.5(black) and 4.0(white), obtained from a f i t t i n g o f the background w i t h the power law model on three energy l o s s channels a t 60, 87 and 95 eV, below the s i l i c o n L edge. I t shows t h a t t h e r e e x i s t s a strong c o r r e l a t i o n between the denser p a r t iz-qhe ADF image(white areas) and i n t h e R image(dark areas), which i s due t o mass thickness v a r i a t i o n s . As a consequence, i t seems very dangerous t o assume the same R value f o r a l l p i x e l s i n a spectroscopic image. It confirms t h e necessity o f the data handling processes which have been used i n t h i s work
